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ROLL MANEUVER EVALUATION 


1.0 

The current roll maneuver to the fllnht azimuth follov/inn lift-off Is achieved 
by commanding roll attitude using a linear profile with no roll rate comand. 

The llrearltv of this comand profile Irplles an Infinite acceleration to a 
constant roll rate; the vehicle cannot Instantaneously achieve this rate, so 
the actual roll attitude laas the comanded attitude throughout the raneuver. 

The roll attitude error which thus develops can be reduced by augmenting 
the attitude comand with a rate comand and utllizlno finite slopes on the rate 
comand to give the vehicle tire to accelerate. It Is the purpose of this 
document to present results obtained from commanding various roll attitude 
and rate combinations to perform the naneuver. 

2.0 PISCUSSION 

Four coronations of roll rate/attitude comands were Implemented In the SSFS 
In table lookuo form for simulation of Missions 1, 2, and 3A, with no wind. 

T h1s document "resents the results of "Isslon 2, which requires the largest 
roll raneuver M^2.2 denreosl. All three missions provided similar results. 

The four combinations will te referred to as maneuvers A, D, C, and Cpo^; a 
brief discussion of each maneuver follows: 

'll . vor ’ 'current! 

Source: fi*C Data Book (June l r >7''-) Attitude is corranded in 

a linear ramp (Figure 11, with r.o rate command. 

(21 "aneuver P 

Source: T.aseline Reference "ission, Revision A 

(JSC 75-FM-47, May 197^1 

The rate corrand profile is trapezoidal, implying an instantaneously 
achieved constant acceleration of 2 deoroes/sec- to the constant 
rate of n rieproes/sec (figure Z 1 '!. 


ORIGINAL PAGE IS 
OF POOR QUALITY 


Th" attitude corrand profile is smoot^e^ by piecewise linear 
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approximations to the curve descrlblnn the implied acceleration 
^Floure ?P.i. 

(“1) Maneuver C 

Source : Lockheed M ero FAl*Odlld-n fApril 1Q7A' 

The rate corrmnd profile Is smoothed by piecewise linear 
approximations to the curve Hescrlhinn a physically realizable 
channe In acceleration, l.e. the constant acceleration of 
f. deoroes/sec? is niven tire to he developed by the vehicle 
(Flourp TM. 

The attitude rornmand profile Is snoothed by ra , s approxlnatino 
the Irplied acceleration fFieure ?C). 

(Al M aneuver r rP H 

Source: This docuront f”PAr 1 . 3-nt|-C0203-P0fi , March 1«7S1 

This rate and attitude corrand combination is a linearized forr 
of Maneuver C. 

The rate corrand profile Is a trapezoid with acceleration 
raros at f deerees/sec* 1 , and the attitude corrand Is a 
rarp at n deorees/sec (Flnures AA and AP). 

See Tables I - IV for specific table lookup points for these commanded 
maneuvers. 

The varying deorees of profile complexity suooest an evaluation of the 
necessity of filtering the rate and attitude comands for desired performance; 
thus each maneuver type was simulated with commands both filtered and 
unfiltered. Miters were digital forms of simple low-pass araloo filters 
with tire t k ants of .1 second for both rate and attitude commands. 

The sample rate for these simulations was 10 llz, and accompanying nraphlcal 
results were plotted at this frequency. 


3.0 PE SPITS 

Addition of a roll rate corrand to enhance the roll attitude command yields 


the follov.'lno ooneral results: 


m 




ORIGINAL p 

0F p OOR QCJ 


n nll attitude error is nreatly reduced because the tiro durlno 
\/h i rh the vehicle is acceleration to the proner rate is acco"n*;ed 
for f 'V a finite acceleration sleep on the rate cermand; *-•••, * 

Is less discrepancy between what the vehicle is commanded to do 
*nd it is physical!*' capable of dnirn. attitude errors 

apd roll rates developed by each tyre of maneuver are pictured in 
rioures r , 7 , and r , with specific raxirun values niven in 
T aMos V Aon "I. 

Aerodynamic loads are increased sliohtly due to the fact that 
the *inito accelerations to the roll rate increase the overall 
duration of the roll maneuver, such that the constant roll 
rate persists into renions of nroater dynamic pressure 
(nnole n f attach and sideslip annle develop from the performance 
nf a pitch maneuver concurrent with the roll maneuver'. 

Maximum values are acceptable (see Tables V Am VI 1. 

Ferine eimbal renuirerents vary for each command combination , 
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and are shown In Figures 9, 10, 11, and 12. "axlrum 
values are sumarlzed In Tables VII and VIII. All 
duty cycle requi rerents are acceptable and the maximum 
deflections required to initiate and terminate the 
maneuver are also acceptable In that enough artuator 
travel remains available for control of disturbances. 

A possible exception Is the C^ maneuver with un- 
flltered commands, wnlch requires almost half the 
available travel shortly after initiation of the 
comands (Table VIII). Filtering the commands for the 
Cmod maneuver drops the maximum glnbal deflections to 
more acceptable levels. 

(4) Glnbal deflection histories for the E maneuver In Figures 
9 through 12 exhibit oscillations during acceleration 
transients. These oscillations are control system 
response to the breakpoints in the attitude command 
occurring during linear portions of the rate command. 
Because these low-frequency gimbal oscillations will 
tend to ex"1te bending modes, the B maneuver Is deemed 
unacceptable 


4.0 CONCLUSION 

The C maneuver provides acceptable lesults with unfiltered commands, 
but It requires the maximum number of software storage locations of 
the three rate and attitude command combinations evaluated. The 
Cmod maneuver requires a minimum of storage locations, but the 
commands must be filtered to yield acceptable results. 
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MISSION 2. MANEUVER A 

t (seel 

0c (deal 


0 . 

37.8 

.659734 

6. 

37.8 

.659734 

20. 

180. 

3.141593 

600. 

ICO. 

3.141593 


table i 



MISSION 2, MANEUVER 

B 


t (sec) 

0c (deg) 

0c (rad) 

t (sec) 

0c (aeg/sec) 

0 . 

37.8 

.659734 

0 . 

0 . 

6. 

37.8 

.659734 

6. 

0 . 

7. 

39. 

.680678 

10.5 

9. 

8. 

42. 

.733038 

21.8 

9. 

9. 

47. 

.820305 

26.3 

0 . 

10. 

54. 

.942478 

999. 

0 . 

10.5 

58. 

1.012291 



21.8 

160. 

2.792527 



22.3 

164. 

2.862340 



23.3 

171. 

2.934513 



24.3 

176. 

3.071779 



25.3 

179. 

3.124139 



26.3 

180. 

3.141593 



600. 

180. 

3.141593 




TABLE II 
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MISSION 2. MANEUVER 

C 


t (sec) 

0c (deg) 

0c (rad) 

t (sec) 

mmmm 

0 . 

37.8 

.659734 

0 . 

0 . 

6. 

37.8 

.659734 

6. 

0 . 

6.5 

38.03 

.663749 

6.1 

.25 

7. 

39.53 

.689529 

6.4 

.925 

7.5 

42.53 

.742288 

6.5 

1.5 

8. 

46.8 

.816814 

7.5 

7.5 

21.8 

171. 

2.984513 

7.6 

8.075 

22.3 

175.27 

3.059039 

7.9 

8.975 

22.8 

178.27 

3.111398 

8. 

9. 

23.3 

179.77 

3.137578 

21.8 

9. 

23.8 

180. 

3.141593 

21.9 

8.975 

600. 

180. 

3.141593 

22.2 

8.075 




22.3 

7.5 




23.3 

1.5 




23.4 

.925 




23.7 

.25 




23.8 

0 . 




600. 

0 . 


TA3l" HI 


mj cc t C\'< o MftMFitvpn A rod 


t 

0C Mori 

i 

• 

0c Mon/sec'' 

0 

V.?, 

n. 

0. 

6.75 

37. R 

6. 

0. 

22.65 

IPO. 

7.5 

9. 

POO. 

IPO. 

21. P. 

9. 



23.3 

0. 



600. 

0. 


TABLF IV 
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ROLL MANEUVER COMMAND TYPE 
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ROLL MANEUVER COMMAND TYPE 
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ROLL MANEUVER COMMAND TYPE 
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FILTERED COMMANDS, MISSIONS . 













ROLL MANEUVER. COMMAND TYPE 
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UNFILTERED COMMANDS, MISSION J2. 
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